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@ Wavelength division optical switching system having wavelength switching light modulators. 



A wavelength division optical switching system compri- 
ses a plurality of terminals (A.B.C.D) each generating a 
light signal on a particular wavelength division multiplexed 
channel and an optical multiplexer (10) connected to the ter- 
minals for multiplexing -the light signals from the terminals. 
A processor (60) identifies the channel of a source terminal 
requesting a connection and the channel of a destination 
terminal. A reference light generator (70) generates a plura- 
lity of reference lightwaves of different wavelengths. A wa- 
01 velength switch (30, 50) is provided tor switching multi- 
^ plexed channels by selecting the light signal of the identi- 
fied source terminal channel and modulating the intensity of 
l£ one of the reference lightwaves with the selected light si- 
~ gnal so that the identified channel of the source terminal is 
■n switched to the identified channel of the destination termi- 
01 nal. An optical demultiplexer (20) is connected to the output 
of the wavelength switch for demultiplexing the switched 
™ multiplexed channels and applying the demultiplexed chan- 
Q| nets to the terminals, respectively. 
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"Wavelength Division Optical Switching System Having 
Wavelength Switching Light Modulators" 

BACKGROUND OF THE INVENTION 
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The present invention relates to an optical 
switching system, and more particularly to a wavelength 
division optical switching system and a communications 
network comprising such optical switching systems. 

The recent introduction of optical, fiber cables 
to communications networks have resulted in the need for 
developing optical switching systems- which provide direct 
switching of light signals sent on optical transmission 
mediums. Due to the absence of the need for converting 
the light signals to electrical signals ; optical 
switching systems are economically advantageous over 
electrical switching systems which are currently 
implemented by stored program controlled electronic 
switching systems. 



Since different wavelengths of light can be 
25 regarded as a resource for creating transmission channels 
for carrying light signals , wavelength division 
multiplexing can multiply. the number of channels that can 
be carried over a single optical fiber. Therefore, if 
wavelength division multiplexed light signals are 
30 transmitted between switching systems , it is desirable to 
make them directly handle such multiplexed signals to 
eliminate the need for wavelength division demultiplexers 
at the interface between a transmission line and a 
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A wavelength division optical switching system is 
described in Japanese Patent Publication 58-196796. The 
known' optical switching system comprises optical 
multiplexers each multiplexing incoming light signals 
5 which are carried on different wavelength divided 
channels. The multiplexed signals are applied to a 
switching network which comprises an incoming wavelength 
switch, a space switch and an outgoing wavelength switch. 
The space switch comprises an array of crosspoints each 

10 having a plurality of space switch wavelength divided 
channels so that the space switich can operate as a 
wavelength divided fashion. Each of the wavelength 
switches includes an array of wavelength converters each 
of which converts the wavelength of a signal to a desired 

15 wavelength. A wavelength converter of the incoming 

wavelength switch converts the wavelength of a source 
terminal signal to an available space switch wavelength 
of a particular crosspoint. A wavelength converter of 
the outgoing wavelength switch converts the space switch 

20 wavelength to the wavelength of a destination terminal, 
so that the wavelength divided channel of the source 
station is switched to the wavelength divided channel of 
the destination station. The wavelength-switched 
multiplexed light signals are applied to an optical 

25 demultiplexer where they are demultiplexed into the 
terminals to establish a connection. Each of the 
wavelength converters can be implemented by a combination 
of a nonlinear optical device such as lithium niobate 
crystal for converting any of the wavelengths of the 

30 incoming signals to a fixed wavelength which is shorter 

than any of the wavelengths assigned to the terminals and 
an optical detector and a light-emitting diode (as 
described in article "p-n-p-n Optical Detectors and 
Light-Emitting Diodes", pages 810 to 813 , IEEE Journal of 
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Quantum Electronics, Vol. QE-14, No, 11, November 1978) 
for converting the fixed wavelength to any of the 
assigned wavelengths. The use of the lithium niobate 
crystal is due to the fact that the p-n-p-n optical 
detectors and light-emitting diodes are. not capable of 
converting wavelengths to shorter ones. 

However, the above-mentioned wavelength converter 
suffers from wavelength instability resulting from 
difficulty in strictly controlling the proportions of 
component materials within close manufacturing- tolerances 
and further suffers from temperature dependent wavelength 
instability. Deviations of wavelengths from those 
intended are likely to produce crosstalk between adjacent 
wavelength divided channels, which could lead, to a 
malfunction of switching operations. 

.. - , SUMMARY OF THE I NVENTION 

Accordingly, an object of the present invention 
is to provide a wavelength division optical switching 
system and a communications network formed by such 
switching systems which are free from interchannel 
crosstalk. 

The freedom from crosstalk is achieved by the use 
of light modulation techniques for conversion of light 
wavelengths. A reference light generator generates a 
plurality of reference, or constant intensity lightwaves 
of different wavelengths which are controlled within 
close tolerances . The reference lightwaves are used as 
"carriers" for optical modulating devices to be modulated 
in intensity with light signals V The use of common 
source of reference light carriers enables the individual 
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channel wavelengths to be easily and precisely 
controlled* Preferably, the optical modulator comprises 
a nonlinear optical device having a nonlinear 
input-to-output characteristic. 

5 

. According to a first aspect of the present 
invention, a optical switching system comprises an 
incoming highway to which a wavelength division 
multiplexed incoming channels of light signals are 
10 applied and an outgoing highway from which wavelength 

division multiplexed outgoing channels of light signals 
are delivered. A processor identifies an incoming 
;.. channel on the incoming highway requesting a connection 
and an outgoing channel on the outgoing highway to which 
15 the connection is to be set up. A reference light 
generator is provided for generating a plurality of 
reference lightwaves of different wavelengths. A 
wavelength switch is connected to incoming and outgoing 
highways for selecting the light signal of the identified 
20 incoming channel and modulating the intensity of one of 
the reference lightwaves in accordance with the selected 
:M light signal such that the identified incoming channel is 
> switched to the identified outgoing channel. 
Jfo ■ • - 

25 According to a second aspect of the present 

invention, the wavelength division optical switching 
• .: system comprises ' a plurality of terminals each generating 
a light signal on a particular wavelength divided channel 
# and an optical multiplexer connected to the terminals for 
30 multiplexing light signals from the terminals among which 
a connection is to be set up. A processor identifies a 
source terminal requesting a connection and a destination 
terminal to which, the connection is to be set up. A • 
reference light generator generates a plurality of 
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reference lightwaves of different wavelengths. A 
wavelength switch is provided for switching wavelength 
division multiplexed channels by selecting the identified 
channel of the source terminal and modulating the 
intensity of one of the reference lightwaves with the 
light signal of the selected channel so that the channel 
of the source terminal is switched to the channel of the 
destination terminal. An optical demultiplexer is 
connected to the output of the wavelength switch for 
demultiplexing the switched wavelength division 
multiplexed channels and applying the demultiplexed 
channels to the terminals, respectively. 

According, to a third aspect of the invention, 
there is provided . an, optical, communications network 
having a plurality of interconnected switching, systems. 
The network comprises a common reference light generating 
means including means for generating a plurality, of 
reference .lightwaves having different wavelengths, and 
optical transmission mediums for directing the reference 
beams to each of the switching systems. Each of the 
switching systems comprises an incoming highway to which 
a wavelength division multiplexed incoming channels of 
light signals are applied and an . outgoing highway from 
which wavelength division multiplexed outgoing channels 
of light signals- are delivered. A processor identifies 
an incoming channel on the incoming highway channel 
requesting a connection and an outgoing channel on the 
outgoing highway to which the connection is to be set up. 
A wavelength switch is provided for selecting the light 
signal of the identified incoming channel and modulating 
the intensity of One of the directed reference lightwaves 
in accordance with the selected light signal so that the 
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. identified incoming channel is switched to the identified 
outgoing channel, 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

: The present invention will be described in 
further detail with reference to the accompanying 
drawings, in which: 

Fig . 1 is a block diagram of a wavelength 
10 division optical switching system of the present 
invention; 

Fig. 2 is a circuit diagram of a wavelength 
selector-converter of Fig. 1; 

Fig. 3 is a circuit diagram of an alternative 
15 form of the wavelength selector « converter ; 

Fig.- 4 is a circuit diagram of a space switch 
wavelength selector of Fig. 1; 

Fig. 5 is a diagram of an electrooptical 
implementation of a wavelength converter of Figs . 2 and 
20 3; 

Fig. 6 is a diagram of an optical implementation 
. of the wavelength converter using a nonlinear optical 
device; ,y 

Fig. 7 is a graphic illustration of the nonlinear 
25 operating characteristic of the nonlinear optical device; 

Figs. 8 and 9 are illustrations of modified forms 
of the wavelength converter; and 

Fig. 10 is a block diagram of a wavelength 
division; ?? switched optical communications network 
30 embodying the present invention. 
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DETAILED DESCRIPTION 

Referring to Fig. 1, 'there is shown a preferred 
embodiment of' a wavelength division optical switching 
system of the present invention. The wavelength division 
optical switching system generally comprises an optical 
multiplexer 10, an optical demultiplexer 20 , and a 
switching' network comprising an incoming wavelength 
switching stage 30, a space switching stage 40 and an 
outgoing wavelength switching stage 50. The switching 
network, is controlled by a central processor 60. 

Optical multiplexer: 10 has: input waveguides 
coupled respectively via beam,, splitters 1 , 2 , 3 and 4 to 
subscriber terminal; station sets. A, B r C and D having 
assigned wavelengths XI, X2, X3 and X4 respectively. If 
the switching system is an intermediate or tandem office 
of an optical communications, network, incoming 
multiplexed light signals from other wavelength division 
optical switching systems are supplied from their 
outgoing wavelength switching stages to the incoming 
wavelength switching stage 30. Incoming light signals 
from the subscriber stations are sent on the respectively 
assigned wavelength divided channels . and multiplexed by 
multiplexer 10 into a wavelength-division multiplexed 
light signal which is conducted through an incoming 
waveguide, or wavelength division multiplexed highway 12 
to a wavelength selector-converter 13 of the incoming 
wavelength switching stage 30. Incoming wavelength 
switching stage 30 comprises wavelength 

selector-converters 14 and 15 which are connected through 
incoming wavelength division multiplexed highways from 
other optical multiplexers, not shown, of construction 
identical to the multiplexer 10 or from other wavelength 
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Space switching stage 40 is made up of a matrix 
array of crosspoint switching devices or wavelength 
selectors 16 £j (where i and j are row and column numbers 
respectively) provided at the crosspoints between rows of 
incoming waveguides i^, and i 3 connected respectively 
to the. outputs of wavelength selector-converters 13, 14 
and 15 and columns of output light waveguides j, , j and 
j 3 which are connected respectively to inputs of 
wavelength selector-converters 17 , 18 and 19 of the 
outgoing wavelength switching stage 50. 

The output of wavelength selector-converter 17 is 
connected by a waveguide, or outgoing highway 21 to the 
input of optical demultiplexer 20 . The outputs of 
wavelength selector-converters 18 and 19 are connected to 
other optical demultiplexers, not shown, which are 
associated respectively with the other optical 
multiplexers mentioned above, or connected to the 
incoming wavelength switching stage or stages of other 
wavelength switching systems , not shown. Demultiplexer 
20 has output waveguides connected respectively by 
outgoing optical waveguides to the subscriber terminal 
stations A, B, C and D. Thus, a full-duplex light 
communication path is provided between subscribers to the 
switching system. ■ . 

A switching control signal including the logical 
address of a destination station is sent on the incoming 
path of a source station to the central processor 60 
where it is translated into a physical address of the 
destination station. Knowing the physical address of the 
source station, the central processor 60 performs a 
path-finding operation with which a connection is 
established through the switching network between the 
source and destination stations. 
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For interoffice or tandem switching, the central 
processor 60 includes a well-known common channel 
signaling function which interacts with an adjacent 
wavelength division switching system through 
common -channel signaling paths 28. 

As will be understood as the description 
proceeds ,• the path-finding operation involves the 
selection of one of wavelength selector-converters 13-15 
in accordance with the physical address location of the 
source station, the switching of the source^station " 
wavelength division multiplexed channel to one of a 
pi ur al i ty of space- stage wavelength di vis ion multipl exed 
channels by the selected wavelength selector-converter , 
the selection of .one of wavelength selector-converters 
17-19 in accordance with the physical address of the 
destination station and the switching of the space-stage 
wavelength division multiplexed channel to the. 
destination-station. channel by the one of wavelength 
selector-converters 17-19 which, is selected. In the 
illustrated embodiment, the space switching stage 40 has 
four space-stage wavelength division multiplexed channels 
available for each crosspoint to allow it to be shared by 
four simultaneous connections. In effect, the space 
switch 40 operates in a wavelength divided fashion, 
independently of the external wavelength^division 
multiplexed links. For purposes of illustration, each 
crosspoint of the space switching stage 40 has the same 
wavelengths XI, X2, X3 and X4 as the terminal wavelength 
channels. The number of space-stage wavelength division 
multiplexed channels does not have to coincide with the 
number of external wavelength division multiplexed 
channels. The path-finding operation further involves 
the selection of one of the crosspoint wavelength 
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selectors 16^j depending on the physical addresses of the 
source and destination stations and the determination of 
an idife channel wavelength based on a switching control 
algorithm well known in the telephone switching art, 

5 * 

The selection of wavelength selector-converters 
13-15 and the wavelength conversion to the space-switch 
wavelength division multiplexed channel are accomplished 
by .coritrol data supplied on a control bus 22 from central 

10 processor 60. The selection of wavelength 

selector-converters 17-19 and the wavelength conversion 
to the destination wavelength are- accomplished by control 
data on a control bus 23. The selection of crosspoint 
'■ wavelength selectors 16 and the determination of a 

15 space-switch wavelength division multiplexed channel are 
provided by control data supplied on control bus 24. 

The switching system further includes a reference 
light generator 70 which supplies a plurality of 
reference lightwaves of different wavelengths on a light 
waveguide 25 to a beam splitter 80. Light generator 70 
comprises reference light sources 26 which generate 
reference lightwaves which are strictly controlled at 
standard wavelengths' XI, X2 , X3 and X4 , respectively, 
which are multiplexed by an optical multiplexer 27 into 
the waveguide 25. Beam splitter 80 distributes the 
multiplexed reference lightwaves to the wavelength 
selector-converters 13-15 and 17-19/ respectively/ so 
that each wavelength selector-converter is supplied with 
lightwaves "at wavelengths XI , X2 , X3 and X4 as carriers. 

Each of the wavelength selector-converters 13-15 
and 17-19 is constructed as shown in Fig. 2. Each 
wavelength selector-converter* comprises a first array of 
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wavelength selectors 31 , 32, 33 and 34 each having a 
first and a second light waveguide- The first waveguides 
of these wavelength selectors are connected in series to 
a common light waveguide which may be coupled from the 
multiplexer 10 or from the space switching stage 40 and 
the second waveguides of selectors 31, 32, 33 and 34 are 
respectively connected to first inputs of wavelength 
converters 35, 36, 37 and 38- Such wavelength selectors 
can be constructed of a known electrooptical switch which 
directs the flow of light on a substrate of lithium 
niobate crystal. The light is confined to waveguides in 
the substrate defined by a surrounding material of lower 
refractive index,. In the absence of- an } applied voltage 
light propagating through; the first waveguide interacts 
with the second output- waveguide -and- the light transfers 
thereinto. If a proper voltage is applied^ light remains 
in the first waveguide. 

Wavelength selectors 31-34 have control terminals 
which receive wavelength selection control . signals of 
appropriate voltage from the central processor 60 to 
cause the incoming light signal at one of the wavelengths 
XI to X4 to be switched to one of the wavelength 
converters 35-38. Wavelength converters 35-38 effect the 
conversion of any wavelength to wavelengjths XI, X2, X3 
and X4, respectively, and supply their outputs to an 
optical multiplexer 39. Details of the wavelength 
converters will be described later. 

If it is desired to convert wavelength XI to X2 , 
for example, it is necessary to activate the wavelength 
selector 33 with a XI selection voltage to switch a 
wavelength-Xl signal to the wavelength converter 36 which 
converts it to wavelength X2 . If it is desired to 
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convert wavelength XI to X3 , the wavelength selector 32 
is to be activated with a Xl-selection voltage to switch 
the wavelength XI input to the wavelength converter 37 
which converts it to wavelength X3. Thus , if it is 
desired to convert wavelength X2 to X3,-the wavelength 
selector 32 is activated with a X2-selection voltage. 

Further included in each wavelength 
sielector-converter is a second array of wavelength 
selectors 41 , 42, 43 and 44 which are identical in 
construction to wavelength selectors 31, 32, 33 and 34. 
Wavelength selectors 31-34 have their control terminals 
respectively biased at different DC voltages supplied 
from a DC voltage source 45. The first waveguides of 
wavelength selectors 41-44 are connected in series to the 
associated output of the beam splitter 80 and the second 
waveguides of the selectors are connected respectively to 
second inputs of the wavelength converters 35, 36, 37 and 
38. Wavelength selectors 41, 42, 43 and 44 are 
constantly activated with XI, X2, X3 and X4 selection DC 
voltages, so that they selectively switch the wavelength 
components XI, X2 X3 and X4 of the multiplexed reference 
light to second inputs of wavelength converters 35, 36, 
37 and 38, respectively. 

Referring to Fig. 4, each crosspoint wavelength 
selector 16 of the space switching stage 40 is shown as 
comprising an array of wavelength selectors, or 
electrooptical switches 51, 52, 53 and 54 identical in 
construction to the wavelength selectors 31-34 . The 
first waveguides of selectors 51-54 are connected in 
series in the light waveguide of the "i-th M row of the 
switch matrix and the second waveguides 6£ these 
selectors are connected in series to, a first input 56 an 



0 223 258 



- 13 - 

optical multiplexer 55 i; j. Multiplexer 55^j has a second 
input 57 to which multiplexers 55 of the " j-th" column of 
the switch matrix are connected and provides a 
multiplexed light signal to the second input of a 
multiplexer 55 (i _ 1} _.. The control terminals of selectors 
51-54 are supplied with wavelength selection voltages 
from the central processor 60 to switch one or more of 
the incoming wavelengths XI , X2 , X3 and X4 to the 
multiplexer 55^. In the illustrated embodiment, 
therefore, a maximum of four different wavelength signals 
can be switched simultaneously through each- crosspoint. 

Before going into the details of the wavelength 
converters 34-38, it is appropriate to briefly describe 
the operation of the wavelength switching system of the 
invention with reference to Fig. 1. Assume that terminal 
station A desires to set up a connection to terminal 
station C. The logical address, or telephone number, of 
the destination station C is sent from source station A 
to the processor 60 which translates it into a physical 
location of the destination station C in terms of the 
location of wavelength selector-converter 17 and the 
wavelength X3 of destination station C. Simultaneously, 
the processor 60 has the knowledge of the physical 
location of the source station A in terms of the location 
of wavelength selector-converter 13 and the wavelength XI 
of source station A. Central processor 60 proceeds with 
the determination of an idle channel wavelength. If 
wavelength X2 is selected for a crosspoint of the space 
switching stage 40 , the processor 60 supplies a control 
signal on control bus 22 which will cause the wavelength 
selector-converter 13 to activate its selector 33, Fig. 
2, with a wavelengt.h7.Al selection voltage, thus allowing 
the wavelength XI signal from the station A to be passed 
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through selector 33 to the wavelength converter 36 and 
converted to a wavelength X2 signal/ which is passed 
through multiplexer 3 9 to incoming waveguide i^ of space 
switching stage 40. A wavelength selection signal is 
5 supplied on control bus 24 to the crosspoint wavelength 
selector 16^ 3 of space switching stage 40 so that one of 
the wavelength selectors, say, 52 (Fig. 4) is activated 
with a X2 selection voltage to cause the wavelength-X2 
signal to be switched to the input 56 of multiplexer 

10 55 i3* Simultaneously, another control signal is supplied 
on control bus 23 to the wavelength selector-converter 17 
of wavelength switch 50 to activate its selector 32 with 
a wavelength- X 2 selection voltage to cause the 
wavelength-X2 signal from crosspoint 16^ 3 to be switched 

15 to the wavelength converter 37 and converted to a 

wavelength-X3 signal which is applied through multiplexer 
39 of wavelength selector-converter 17 to demultiplexer 
20 and thence to destination station C, thus establishing 
a go— path connection between stations A and C as 

20 indicated by a dotted line. In a similar manner, the 

return path of the connection can be established between 
stations C and A as indicated by a chain-dot line using a 
switching wavelength X4, for example. As a result, 
wavelengths XI and X3 are multiplexed on each of the 

25 waveguides 12 and 21 and wavelengths X2 and X4 are 
multiplexed on the waveguide between wavelength 
selector-converters 13 and 17 through the crosspoint 

V 16 i3 ; . 

30 It will be seen from the above description that 

the wavelength selector-converter of Fig. 2 can be 
alternatively modified as shown in Fig. 3. In this 
modification, the wavelength selectors 31-34 are biased 
with X1-, X2-, X3- and X 4 -selection DC voltages, 
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respectively, to switch signal wavelengths XI, X2, U and 
X4 respectively in fixed relationship to the wavelength 
converters 35-38 and the wavelength selectors 41-44 are 
supplied with wavelength selection control voltages. 
Therefore, the reference wavelengths are selectively 
applied to wavelength converters 35-38 ih response to the 
control signal on bus 22 or 23. 

Details of the wavelength converters 35-38 and 
the function of wavelength selectors 41-44 in relation to 
converters 35-38 will now be described with reference to 
Figs. 5 to 9. In Fig. 5, one embodiment of the 
wavelength converter, is illustrated. This wavelength 
converter comprises .an opfcoelectrical converter 61, an 
electric ampj,if ier^62 ^an&a -ligfcte modulator 63 . The 
converter 61 is associated, with one of wavelength 
selectors 31-34 through waveguide 64 to convert a light 
signal at wavelength Xi (where 1=1, 2, 3 or 4) to an 
electrical signal which is amplified by amplifier 62 and 
applied to light modulator 63 as a modulating electrical 
signal. A reference lightwave is conducted from an 
associated one of the wavelength selectors 41-44 through 
a waveguide 65 to the light modulator 63 and so the 
reference light at wavelength Xr ( where r=l, 2, 3 or 4) 
is modulated in intensity with the signal and emerges 
through waveguide 66 to multiplexer 39. As a result of 
the light modulation, the light outputs of wavelength 
switching stages 30 and 50 maintain their wavelengths to 
the reference values determined exclusively by the 
reference light sources 26. If the wavelengths of the 
reference light sources 26 are strictly controlled to 
close tolerances, the reference light generator 70 
eliminates undesirable wavelength deviations which would 
otherwise cause interchannel crosstalk. 



0 223 258 



- 16 - 

7. Fig. 6 is a modified embodiment: of the wavelength 
converter. In this modification , the converter comprises 
a wavelength filter 71, a nonlinear optical device 72 and 
an optical band-pass filter 73. The wavelength Xi 
modulating signal and wavelength Xr reference light are 
directed on waveguides 74 and 75, respectively, at 90 
degrees to each other to the wavelength filter 71 so that 
the modulating light signal is passed to the nonlinear 
optical device 72 and the reference light beam is 
reflected at right angles on a reflecting plane 76 to the 
nonlinear optical device 72. The two light beams are 
combined through a waveguide 77 to the optical device 72 . 
Nonlinear optical device 72 has a nonlinear 
transmissivity as a function of input light intensity, or 
differential gain characteristic as shown in Fig. 7. If 
the reference light has intensity PI and the modulating 
light oscillates with an amplitude P3 , the intensity of 
light passing through the nonlinear optical device 72 
varies with the modulating signal. The modulated output 
of nonlinear optical device 72 contains the wavelength 
components of both optical inputs which propagate through 
optical band-pass filter 73 and only the reference light 
component is passed through it to the multiplexer 39. . 
This embodiment is advantageous in that it eliminates the 
need for optoelectrical conversion. 

Alternatively, in Fig. 8, the modulating and 
reference light inputs are supplied through waveguides 83 
and 84 respectively, so that the modulating light pases 
through a wavelength filter 81 and enters the nonlinear 
optical device 82 and the reference light propagates 
through the device 82 in opposite direction to the 
direction of propagation of the monduiating light. The 
reference light is modulated with, the modulating input as 



0 223 258 



- 17 - 

it propagates through the nonlinear optical device 82 and 
and emerges through the opposite plane and is reflected 
by filter 81 into waveguide 85 which is coupled to 
multiplexer 39- Alternatively , the wavelength filter 81 
may be replaced with a beam splitter 91 as shown in Fig. 9. 

The present invention can be advantangeously 
employed in a switched communications network as 
illustrated in Fig. 10 in which three wavelength-division 
multiplexed switching systems 100, 101 and 102 are shown 
interconnected by optical transmission lines 103 which 
data and control signals are transmitted. Reference 
light generator ; 70 is provided as a common light source 
which may be installed in. the ^same ^location with one of 
the switching vsystemslOOv- 101 and 102. The- reference 
lightwaves^ at wavelengths XI , X2, X3 and X4 are 
multiplexed and directed on separate optical transmission 
mediums 104, 105 and 106 , respectively , to switching 
systems 100, 101 and 102. 

Each of the switching systems includes beam 
splitter 80 which distributes the reference lightwaves to 
their wavelength switching stages. In this way, the 
wavelengths of all optical channels of the communications 
network can be maintained to common reference light 
sources • 

The foregoing description shows only preferred 
embodiments of the present invention. Various 
modifications are apparent to those skilled in the art 
without departing from the scope of the present invention 
which is only limited by the appended claims . 
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CLAIMS: 

1. An optical switching system comprising: 

an incoming highway to which wavelength 
division multiplexed incoming channels of light signals 
are applied and an outgoing highway from which wavelength 
division multiplexed outgoing channels of light signals 
are delivered; 

processing means . for identifying an incoming 
channel on said incoming highway requesting a connection 
and an outgoing channel on said outgoing highway to which 
said connection is to be set up; 

reference light generating means for generating a 
plurality of reference lightwaves of different 
wavelengths ; and 

wavelength switching means for selecting the 
light signal of the identified incoming channel and 
modulating the intensity of one of said reference 
lightwaves in accordance with the selected light signal 
such that the identified incoming channel is switched to 
the identified outgoing channel. 

2v- An optical switching system as claimed in 
claim 1/ wherein said wavelength switching means 
comprises : 

a plurality of wavelength selectors for selecting 
a light signal oh said incoming highway in accordance 
with the identified incoming channel; and 

a^iplurality of wavelength modulators associated 
respectively with said wavelength selectors for 
modulating one of said reference lightwaves with the 
selected light signal. 



3 . An optical switching system as claimed in 
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claim 1 or 2 .wherein each of said wavelength modulators has a 
nonlinear input-to-output optical characteristic which 
causes one of said reference lightwaves to be modulated 
in 'intensity with the light signal of said selected 
wavelength channel. 

4, An optical switching system as r^inyyj in any of 
claims 1 ■ to 3, wherein each of said wavelength modulators 
comprises : 

means for optically combining one of said 
reference lightwaves and the light signal of the selected 
wavelength channel ; 

a nonlinear optical device capable of generating 
a honliriearly variable optical output as a function of 
the intensity of an optical input applied thereto, said 
nohlrnear optical device being arranged to receive the 
output of said combining means to produce a modulated 
optical output; and 

means for optically extracting an optical 
component having the wavelength of said lightwave from 
said modulated optical output. 

5. An optical switching system as claimed in any of 
claims J to 4, wherein said reference light generating means 
comprises : 

.; a. plurality, ox reference light sources for 
generating said lightwaves; 

an optical multiplexer for multiplexing said 
lightwaves; and 

an optical transmission medium for transmitting 
said multiplexed reference wavelengths to said wavelength 
switching means. 

6. An optical switching system as claimed in .any of 
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claims 1 to 5, further comprising space switching means having 
a plurality of crosspoints each having a plurality of 
selectable space-switch wavelength division multiplexed 
channels, said crosspoints being arranged to be connected 
to said wavelength switching means and responsive to said 
identified incoming and outgoing channels, for 
establishing said connection through one of the 
space-switch wavelength division multiplexed channels. 

7. An optical switching system as claimed in 
claim 6, wherein said wavelength switching : means 
comprises: 

incoming wavelength switching means having an 
incoming light waveguide for selecting the identified 
incoming channel and switching the selected incoming 
channel to one of the space-switch wavelength division 
multiplexed channels of the crosspoint for said 
connection and applying the switched channel through an 
outgoing light waveguide to said space switching means; 
and . ' 

outgoing wavelength switching means having an 
incoming light waveguide connected to said space 
switching means for switching the switched incoming 
channel to said identified outgoing channel. 

8. An optical switching system comprising: 

a plurality of terminals each generating a light 
signal on a particular wavelength divided channel; 

an optical multiplexer connected to said 
terminals for multiplexing light signals from said 
terminals among which a connection is to be set up; 

processing means for identifying the channel of a 
source terminal requesting a connection and identifying 
the channel of a destination terminal to which the 



0 223 258 



- 21 - 

connection is to be set up; 

reference light generating means for generating a 
.plurality of reference lightwaves of different 
wavelengths; 

wavelength switching means for switching 
wavelength division multiplexed channels by selecting the 
identified channel of the source terminal and modulating 
the intensity of one of said reference lightwaves in 
accordance with the light signal of the selected channel 
so that the channel of the source terminal is switched to 
the identified channel of the destination terminal; and 

an optical demultiplexer for demultiplexing said 
swxtched wavelength division multiplexed channels and 
applying the demultiplexed .channels; to said terminals , 
respectively. 

9 . An optdcal switching^ system as claimed in 
claim 8, wherein said wavelength switching means 
comprises: 

a plurality of wavelength selectors connected to 
the output of said multiplexer for selecting a light 
signal of said wavelength division multiplexed channels 
in -accordance with the identified channel of the source 
terminal; and 

a plurality of wavelength, modulators associated 
respectively with said wavelength selectors for 
modulating one of said reference lightwaves with che 
selected light signal. 

10. An optical switching system as claimed in claim 
8 or 9, wherein each of said wavelength modulators has a 

nonlinear input-to-output optical characteristic which 
causes one of said reference lightwaves to be modulated 
m intensity with the light signal of said selected 
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wavelength channel. 

v as claimed 

11. An optical switching systen/in- any of claims 3 

to 10, wherein each of said wavelength modulators 

comprises : 

means for optically combining one of said 
reference lightwaves and the light signal of the selected 
wavelength channel ; 

a nonlinear optical device capable of generating 
a nonlinearly variable optical output as a function of 
the intensity of an optical input applied thereto, said 
nonlinear optical device being arranged to receive the 
output of said combining means to produce a modulated 
optical output; and 

means for optically extracting an optical 
component having the wavelength of said lightwave from 
said modulated optical output. 

12. An optical switching system as claimed in any of 
claims 8 to 11, wherein said reference light generating means 

comprises : 

a plurality of reference light sources for 
generating said lightwaves; 

an optical multiplexer for multiplexing said 
lightwaves; and 

an optical transmission medium for transmitting 
said multiplexed reference wavelengths to said wavelength 
switching means . 

13. An optical switching system as claimed in any of 
claims 8 to 12, further ooiqprising space switching means having 

a plurality of crosspoints each having a plurality of 
selectable space-switch wavelength division multiplexed 
channels, said crosspoints being arranged to be connected 
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to said wavelength switching means and responsive to the 
identified channels of said source and destination 
terminals for establishing said connection through one of 
the space-switch wavelength division multiplexed 
channels. 

14. An optical switching system as claimed in 
claim 13, wherein said wavelength switching means 
comprises: 

incoming wavelength switching means having an 
incoming light waveguide connected to said multiplexer 
for selecting the identified channel of the source: 
terminal and switching the selected channel to one of the 
space-switch wavelength division multiplexed channels of 
the crosspoint for said connection and applying the 
switched channel through an outgoing light, waveguide to 
said space switching means; and 

outgoing wavelength switching means having an 
incoming light waveguide connected to said space 
switching means for further switching the switched 
channel to the identified* channel of said destination 
terminal and applying the further switched channel 
through an outgoing light waveguide to said 
demultiplexer. 

15. An optical communications network having a 
plurality of interconnected switching systems , 
comprising: 

a . common, reference light generating means 
including means for generating a plurality of reference 
lightwaves having different wavelengths; and 

optical transmission mediums for directing said 
reference beams to each of said switching systems; 

each of said switching systems comprising: 
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an incoming highway to which a wavelength 
division multiplexed incoming channels ox light signals 
are applied and an outgoing highway from which wavelength 
division multiplexed outgoing channels of light signals 
are delivered; 

processing means for identifying an 
incoming channel on said incoming highway channel 
requesting a connection and an outgoing channel on said 
outgoing highway to which said connection is to be set 
up; and 

wavelength switching means for selecting 
the light signal of the identified incoming channel and 
modulating the intensity of one of said directed 
reference lightwaves in accordance with the selected 
light signal such that the identified incoming channel is 
switched to the identified outgoing channel. 

16. An optical communications network having a 
plurality, of interconnected switching systems, 
comprising : 

a common reference light generating means 
including means for generating a plurality of reference 
lightwaves having different wavelengths; and 

optical transmission mediums for directing said 
reference beams to each of said switching systems; 

each of said switching systems including a 
plurality ; ;of terminals to which particular wavelength 
division multiplexed channels are respectively assigned 
for transmisssion of light signals, an optical 
multiplexer for, multiplexing said light signals, and 
wavelength switching means for switching wavelength 
division multiplexed channels between different ones of 
said multiplexed light signals, said wavelength switching 
means comprising a plurality of wavelength modulating 
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means for modulating one of said directed reference 
lightwaves with the light signal of a source terminal 
requesting a connection, and an optical demultiplexer for 
demultiplexing the switched multiplexed light signals and 
applying the demultiplexed light signals -to said 
terminals, respectively. 

17. An optical coram uni captions network as 
claimed in claim 15, wherein said common reference light 
generating means includes an optical multiplexer for 
multiplexing said reference lightwaves into a single 
multiplexed beam, said optical transmission mediums 
directing ..said multiplexed light beam to each of said 
switching systems, each of. said switching system 
comprising a beam,, spli tter for splitting ,;saa-d directed 
light beam into, several, beams of said reference 
lightwaves and applying .the last-mentioned beams to said 
wavelength modulating means. 
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